OBJECTIVES: There are few data concerning the impact of preoperative renal function, assessed using estimated glomerular filtration rate, on surgical outcomes following acute type A aortic dissection. We investigated the accuracy of estimated glomerular filtration rate (in ml/min/1.73 m 2 ) in predicting in-hospital mortality and postoperative renal replacement therapy in such cases.
INTRODUCTION
Acute type A aortic dissection (AAAD) remains a life-threatening medical condition that requires emergent surgery. Despite improvements in diagnostics, medical therapy and surgical technique, patient mortality and morbidity remain high [1] . A variety of risk factors have been investigated for in-hospital and long-term mortality after aortic dissection [2] .
The overall incidence of renal dysfunction after thoracic aortic surgery (TAS) has been reported to be high compared with other cardiac operations [3] . Moreover, renal replacement therapy (RRT), such as continuous haemodiafiltration or haemodialysis is required in 8-11% of cases needing emergent TAS, including AAAD, with in-hospital mortality rates reportedly ranging from 6 to 18% [4, 5] . Moreover, severe acute kidney injury requiring RRT after thoracic surgery for acute dissection has been reported to be a risk factor of postoperative RRT and 30-day mortality [4] . Thus, it is clearly vital to determine the risk factors that predict the need for postoperative RRT and in-hospital mortality in AAAD.
According to the guidelines of the National Kidney Foundation for assessing kidney disease, estimated glomerular filtration rate (eGFR) is the best overall index of the level of renal function [6] . eGFR is a reliable predictor of outcomes in patients undergoing coronary artery bypass grafting (CABG) [7] or elective total arch replacement [8] . However, there are few data concerning the prognostic utility of eGFR in patients with AAAD. Circulatory shock or organ malperfusion in AAAD may cause deterioration in renal function. Therefore, we aimed to evaluate the predictive accuracy and the clinically relevant cut-off value of preoperative eGFR levels for postoperative de novo RRT and in-hospital mortality.
MATERIALS AND METHODS

Study population
After Institutional Review Board approval, a total of 117 patients who underwent emergent TAS for AAAD between January 1997 and August 2012 at Kyushu Medical Center were reviewed retrospectively. The individual consent for the study was waived. The diagnosis of AAAD was made using a combination of clinical factors, including history and physical examination, in combination with dynamic computed tomography. Dissection was considered acute when treated within 14 days from the onset of symptoms. No patients with AAAD had undergone previous cardiac surgery.
Demographic variables included age, gender, weight, body mass index, comorbidities [obesity, diabetes, hypertension, hyperlipidaemia, cerebrovascular disease (defined by history of stroke, ≥80% carotid occlusive disease), chronic kidney disease (eGFR ≤ 60 ml/ min/1.73 m 2 )] [6] , preoperative circulatory shock (systolic blood pressure on admission <70 mmHg), cardiac tamponade, DeBakey classification, thrombosed-type AAAD and preoperative organ malperfusion syndromes. Malperfusion syndromes were subclassified as coronary (ischaemic electrocardiographic changes, elevation of creatinine kinase MB or troponin levels or regional wall motion abnormalities on echocardiography), central nervous system (transient ischaemic attack, stroke or paraplegia/paraparesis), limb (loss of pulses, clinical signs of limb ischaemia or elevated creatinine kinase level), mesenteric (abdominal tenderness, bowel paralysis, haematochezia or lactate acidosis) or renal malperfusion (infarction on dynamic computed tomography). Operative variables were the operative procedure (ascending aorta replacement or total arch replacement), the concomitant procedures (Bentall operation or CABG), the arterial inflow site from cardiopulmonary bypass (CPB), the CPB time, the coronary ischaemic time, the cerebral perfusion technique (antegrade or retrograde cerebral perfusion), the cerebral perfusion time, the lower body circulatory arrest time and the lowest systemic temperature (°C). Open distal anastomoses were performed in all procedures. Therefore, hemiarch replacement was included in ascending aorta replacement. Seven of the patients with coronary malperfusion (n = 14) underwent CABG with TAS. Laboratory variables included preoperative serum creatinine (sCr) and eGFR. Postoperative variables included in-hospital mortality, initiation of de novo RRT, prolonged ventilation (≥48 h after surgery), stroke, perioperative myocardial infarction, re-exploration for bleeding and mediastinitis. The indications for postoperative RRT included fluid management, acidosis and/or hyperkalemia. Patients who were on RRT before surgery (n = 2) were excluded because of the difficulty in measuring the progression of renal dysfunction. Patients who died during or within 48 h after surgery (n = 1) were also excluded because their mortality was not associated with renal dysfunction and the data were inappropriate for the evaluation of postoperative renal dysfunction. eGFR is limited by the difference in creatinine generation among ethnicities [6, 9] . Therefore, the glomerular filtration rate was estimated from the Japanese equation . Preoperative renal function was classified according to eGFR into the following categories: normal renal function (eGFR >90; n = 15) and mild (60-89; n = 39), moderate I (45-59; n = 39), moderate II (30-44; n = 14) or severe (15-29; n = 7) renal dysfunction [10] .
Surgical procedures
Our policy regarding emergent surgery for AAAD includes primary intimal tear excision and avoidance of serious dissection-related complications, such as cardiac tamponade, severe aortic regurgitation and coronary impairment. The primary entry sites were ascending aorta in 47 (41%), aortic arch in 50 (44%), descending aorta in 7 (6%) and unidentified site in 10 (9%). Forty-seven patients (41%) with AAAD underwent ascending aorta replacement and 67 patients (59%) underwent total arch replacement. Concomitant procedures were composite graft replacement (Bentall procedure) in 8 (7%) patients and CABG in 7 (6%) patients. Surgical treatment was performed with protection of the brain by selective cerebral perfusion (SCP) in 101 (88.6%) and retrograde cerebral perfusion (RCP) in 13 (11.4%) patients. The SCP was maintained at a perfusion rate of 10 ml/kg/min and controlled at 40-70 mmHg by regulating the arterial perfusion flow for brain protection. RCP was performed through the superior vena cava cannula, while jugular vein pressure was maintained at 15-25 mmHg with a flow rate of 300-400 ml/ min. This additional cerebral protection during hypothermic circulatory arrest has changed from RCP method to SCP method. The heart was arrested with cold blood cardioplegia by selectively infusing into the coronary ostia. The degree of hypothermia in TAS slowly evolved from deep (<22°C) to moderate (22-26°C).
All patients were operated on through a midline sternotomy. We determined the arterial cannulation site(s) according to the extent of dissection, as follows: the femoral artery in 21 patients, femoral artery and right axillary artery in 25, right axillary artery in 3, bilateral axillary arteries in 15 and bilateral axillary arteries and femoral artery in 49 patients. Since January 2004, multiple arterial sites have been employed to prevent systemic hypoperfusion and embolization due to retrograde perfusion from femoral artery in surgery for AAAD.
The order of anastomosis of the ascending aorta or descending aorta and reconstruction of the arch vessels in total arch replacement, or the proximal site or the distal site in ascending aorta replacement, was based on the surgeons' preference.
Statistical analysis
Continuous values are expressed as mean ± standard deviation. One-way analysis of variance and the χ 2 test or Fisher's exact test were used to compare continuous and categorical variables, respectively, relating to preoperative renal function. One-way analysis of variance was followed by a post hoc Tukey test. Stepwise multiple linear regression analysis was performed to identify the preoperative and intraoperative risk factors for in-hospital mortality and postoperative RRT. Subsequently, multivariate analysis of risk factors after surgery (i.e. morbidities) for in-hospital mortality was performed by using multiple logistic regression. Calculation of the area under the receiver operating characteristic (ROC) curve with a 95% confidence interval was used to assess the most clinically useful level of eGFR for predicting the need for postoperative RRT. A cut-off value for the highest sensitivity and specificity was identified. For all analyses, a probability value of <0.05 was considered statistically significant.
RESULTS
Patient characteristics, surgical data and in-hospital outcomes
The patients' characteristics and surgical data are given in Table 1 . After the exclusion criteria were applied, the total study cohort consisted of 114 consecutive patients with mean age of 65.1 ± 11.8
years. There were significant differences in sCr, eGFR, preoperative circulatory shock, preoperative cardiac tamponade and preoperative coronary malperfusion among the five subgroups.
Regarding surgical data, the lowest rectal temperature was significantly higher in the patients with normal renal function than in those with moderate II renal dysfunction.
The patients who underwent total arch replacement had significantly longer circulatory arrest time of the lower body and CPB time than those who underwent ascending aorta replacement (84.5 ± 39.2 min vs 50.4 ± 25.3 min and 307.3 ± 107.4 min vs 215.1 ± 62.0 min, P < 0.0001 and P < 0.001, respectively). Meanwhile, the lowest rectal temperature in the patients who underwent total arch replacement was similar to that in the patients who underwent ascending aorta replacement (23.9°C ± 3.0°C vs 23.4°C ± 3.0°C, P = 0.39). Table 2 shows in-hospital morbidity and mortality. More severe renal dysfunction was associated with a poor outcome, including the requirement for RRT and prolonged ventilation. In particular, the requirement for postoperative de novo RRT increased with worsening severity of preoperative renal dysfunction according to the five subgroups. However, in-hospital mortality rates did not differ significantly among the groups.
Moreover, details of the 18 patients who required postoperative RRT are given in Table 3 . Of the 18 patients, two experienced renal malperfusion ( preoperative in one and intraoperative in the other).
Multivariate predictors of outcome
Preoperative and intraoperative variables. On stepwise multiple linear regression analysis, CPB time (standardized coefficient 
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K.-i. Imasaka et al. / Interactive CardioVascular and Thoracic Surgerybeta = −0.45, P < 0.0001) was determined as the sole significant variable associated with in-hospital mortality (Table 4 ). Significant variables associated with postoperative de novo RRT were eGFR (standardized coefficient beta = −0.40, P < 0.0001), coronary ischaemic time (standardized coefficient beta = 0.31, P < 0.01) and type of procedure (standardized coefficient beta = 0.24, P < 0.01) ( Table 5 ). On the other hand, concurrent CABG showed a significant negative risk factor for the postoperative de novo RRT (standardized coefficient beta = −0.24, P < 0.01).
Postoperative variables. Multiple logistic regression analysis
showed that, among the morbidities, stroke and de novo RRT were significant risk factors for in-hospital mortality (Table 6 ).
Sensitivity and specificity of estimated glomerular filtration rate for predicting postoperative RRT and in-hospital mortality
On ROC analysis, the area under the curve (AUC) for preoperative eGFR in predicting postoperative de novo RRT was 0.786. A cut-off level for preoperative eGFRs of 60 ml/min/1.73 m 2 was the most useful in predicting the need for postoperative RRT. At this level, eGFR had a sensitivity of 94.7% and a specificity of 59.4%. The AUC for preoperative eGFR in predicting in-hospital mortality was 0.582, using a cut-off point of 65 ml/min/1.73 m 2 (sensitivity 77%, specificity 46%) (Fig. 1) .
DISCUSSION
The major findings of the present study were as follows: (i) stratified preoperative renal function using eGFR can effectively predict the need for postoperative de novo RRT and prolonged ventilation, whereas it was not an effective diagnostic tool to predict in-hospital mortality; (ii) multiple logistic regression analysis showed that stroke and postoperative de novo RRT were significant risk factors of in-hospital mortality among the morbidities.
Renal dysfunction is associated with high mortality and morbidity in patients undergoing CABG [7, 11] , aortic valve surgery [12] , elective total arch replacement [8] and thoracoabdominal aortic surgery [13] . However, there are few data concerning the impact of preoperative renal function on early and late outcomes after AAAD. Okada et al. [8] confirmed that an eGFR level of 26.0 ml/ min/1.73 m 2 was most useful in predicting postoperative de novo RRT in patients undergoing elective total arch replacement. Our cut-off value (60.0 ml/min/1.73 m 2 ) for preoperative eGFR in predicting postoperative RRT in patients with AAAD is quite different from the aforesaid value. This discrepancy may be partly explained by the fact that various preoperative complications, comorbidities or surgical techniques greatly affect renal function. Previous reports have indicated several parameters, including preoperative renal dysfunction, as risk factors of in-hospital mortality [14] [15] [16] . Meanwhile, among the morbidities, although postoperative RRT was a significant risk factor of in-hospital mortality in the present study, CPB time was identified as the sole independent predictor of in-hospital mortality. These controversies might be also attributed to the confounding factors in the heterogeneous patient cohorts. Risk models to predict surgical outcomes are needed to assist clinicians in determining the optimal treatment. sCr is the most popular test for screening renal dysfunction. However, the sCr level has a limited ability to identify patients with preoperative renal dysfunction, as it depends on muscle mass, age, gender and metabolism [17, 18] . Moreover, sCr begins increasing only after a significant loss of functioning nephrons and a decrease in glomerular filtration [6] . Several studies have reported that eGFR has greater accuracy than sCr in estimating the prognosis after cardiac surgery [19] . In agreement with the results of previous studies, sCr was not a significant independent predictor of postoperative RRT and in-hospital mortality. However, when sCr levels were used, the AUC under the ROC curve for postoperative RRT was 0.747, and the sensitivity and specificity were 66.7 and 68.8% at a cut-off level of 0.9 mg/dl. Moreover, the positive and negative predictive eGFR or sCr values for postoperative RRT were 30.4 and 98.3, or 28.6 and 91.7%, respectively. This slight difference could be caused by the non-linear relationship between the eGFRs and sCr levels (Fig. 2) . The combination of preoperative eGFR and preoperative sCr level might have contributed to the more defined predictor of the need for postoperative RRT in patients with AAAD.
Preoperative renal malperfusion occurred in 4 (3.5%) of the 114 patients in the present study, among whom only 1 (25%) needed postoperative RRT. Moreover, 1 patient experienced intraoperative renal malperfusion. However, preoperative renal malperfusion was not a risk factor of postoperative RRT (odds ratio, 1.35; confidence interval, 0.14-12.9, P = 0.72) in the univariate analysis. Defining preoperative renal dysfunction is difficult. In fact, multifarious causes can lead to renal dysfunction, such as involvement of the renal artery in the dissection.
AAAD with coronary malperfusion remains a surgical challenge, because a preoperative diagnosis is not easily made and the mortality rate is high [20] . Moreover, coronary ischaemia and circulatory shock are insidious and dangerous conditions. As a result, the haemodynamic instability can cause multiple organ failure. Our results are not in line with those reported by Kawahito et al [20] . The reason for the usefulness of concurrent CABG to prevent postoperative RRT in this study is unclear. Further studies are needed to clarify the influence of concurrent CABG on renal function in surgery for AAAD.
Multiple arterial site perfusion strategy is likely to avoid hypoperfusion in cases of aortic dissection [21] . Moreover, Nouraei et al. [22] showed that femoral arterial perfusion in surgery for AAAD was a significant predictor of neurological deficit and mortality. Antegrade arterial flow is useful to evade the incidence of organ malperfusion and/or retrograde embolization. Based on the aforementioned concept, we have employed multiple arterial site perfusion strategy since January 2004.
In this study, 67 (58.8%) of 114 patients underwent total arch replacement. To date, we have performed total arch replacement with a branched graft for AAAD involving the aortic arch. In AAAD, it is still controversial whether to perform extended aortic replacement to improve long-term outcome or to use conservative strategy with ascending aorta or hemiarch replacement to palliate a life-threating condition [23, 24] . It should be noted that the circulatory arrest time of the lower body and the CPB time were significantly longer in total arch replacement than in ascending aorta replacement. Therefore, appropriate operative strategy in patients with renal insufficiency requiring surgery for AAAD 
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The present study has some limitations. First, it was a retrospective study from a single centre. Moreover, the study is also statistically limited because of the small number of patients enrolled. Secondly, the available data were limited to in-hospital mortality and did not provide information about mid-term to long-term outcomes.
In conclusion, eGFR was a useful predictor of postoperative de novo RRT following surgery for AAAD. However, it was not an effective diagnostic tool to predict in-hospital mortality. The complexity of patients undergoing surgical procedures may make prediction of hospital mortality difficult. To establish a more exact threshold level of renal dysfunction relative to surgical outcomes, a risk analysis of the surgical outcomes by using multivariate prediction models is necessary.
